Synopsis At the end of the 19th century, the suggestion was made by several scientists, including J. M. Baldwin, that behavioral responses to environmental change could both rescue populations from extinction (Baldwin Effect) and influence the course of subsequent evolution. Here we provide the historical and theoretical background for this argument and offer evidence of the importance of these ideas for understanding how animals (and other organisms that exhibit behavior) will respond to the rapid environmental changes caused by human activity. We offer examples from long-term research on the evolution of behavioral and other phenotypes in the adaptive radiation of the threespine stickleback fish (Gasterosteus aculeatus), a radiation in which it is possible to infer ancestral patterns of behavioral plasticity relative to the post-glacial freshwater radiation in northwestern North America, and to use patterns of parallelism and contemporary evolution to understand adaptive causes of responses to environmental modification. Our work offers insights into the complexity of cognitive responses to environmental change, and into the importance of examining multiple aspects of the phenotype simultaneously, if we are to understand how behavioral shifts contribute to the persistence of populations and to subsequent evolution. We conclude by discussing the origins of apparent novelties induced by environmental shifts, and the importance of accounting for geographic variation within species if we are to accurately anticipate the effects of anthropogenic environmental modification on the persistence and evolution of animals.
Introduction
In 1896, a prominent child psychologist, James Mark Baldwin, published a two-part manuscript in The American Naturalist in which he discussed the role of learning in the evolutionary process. Specifically, he advanced two theses (Baldwin 1896 (Baldwin , 1902 . The first was that learning, or phenotypic plasticity more generally, could provide rapid, adaptive responses to environmental change, potentially facilitating the persistence of populations until natural selection could improve the adaptive (genetic) match to the novel environmental conditions. This first component of this argument, often referred to as the Baldwin Effect following Simpson (1953) , suggests that plasticity, which is the ability of a single genotype to produce more than one phenotype, could rescue populations from extinction that might otherwise result from rapid environmental change. Baldwin referred to this as Organic Selection, which he described as ''The process of individual accommodation considered as keeping organisms alive, and so, by also securing the accumulation of variations, determining evolution in subsequent generations'' (Baldwin 1902 ). This ability is today called phenotypic accommodation, a term that encompasses the ability of organisms to respond plastically to either environmental or genetic challenges during development (e.g., West-Eberhard 2003) . To the extent that there exists an underlying genetic basis for differences in individual patterns and ranges of phenotypic expression, this process could both rescue populations, and result in the evolution of genetically-based plastic phenotypes in the population, as only individuals with particular phenotypes would persist following the environmental transition (Baldwin 1902, above; West-Eberhard 2003; Crispo 2007 ).
Baldwin's second and more nuanced argument, that plasticity could also influence the subsequent evolution of populations, is less often attributed to him (but see West-Eberhard 2003; Crispo 2007) . Rephrased in modern terms, he argued that following initial phenotypic accommodation to an environmental challenge, selection acting on the novel range of expressed phenotypes could alter the direction of evolutionary change (Baldwin 1896 (Baldwin , 1902 . Although difficult to test, this possibility is now generally appreciated as a likely outcome of induced plasticity that exposes previously cryptic underlying genetic variation to selection (e.g., Price et al. 2003; Le Rouzic and Carlborg 2008; Schlichting 2008; Pfennig et al. 2010) .
For much of the past century, Baldwin's work, and that of other early proponents of a role for learning in evolution (Morgan 1896; Osborn 1896) , were overlooked by evolutionary biologists, although there is a rich psychological literature on the evolution of learning, based in part upon Baldwin's writings (Richards 1987; Scheiner 2014) . It is only with the recent resurgence of interest in plasticity that Baldwin's work has been rediscovered by evolutionary biologists (e.g., Schlichting and Pigliucci 1998; Robinson and Dukas 1999; West-Eberhard 2003; Crispo 2007) , and its fundamental importance recognized.
There can be little question that Baldwin was correct in his assessment that behavior will often provide the first response to environmental challenges due to its often exceptional lability (Sih et al. 2011; Tuomainen and Candolin 2011; Foster 2013b; Sih 2013) . Particularly when learning is involved, behavioral responses to environmental change may be adaptive as information can be acquired sequentially, allowing the organism to adjust quickly to changing environmental contexts (Robinson and Dukas 1999; Dukas 2013; Snell-Rood 2013) , although non-adaptive behavioral responses are also to be expected when novel characteristics of the environment result in inappropriate learned associations or elicit inappropriate behavior (e.g., Ghalambor et al. 2007; Sih et al. 2011; Sih 2013) . Thus, although the Baldwin Effect may in fact lead to phenotypic accommodation that facilitates the persistence of populations, empirical data are sparse and the likelihood of this outcome is uncertain.
How behavioral, or other plastic responses to novel environments will influence subsequent evolution is also unclear, and remains controversial. At one extreme, plastic behavioral responses to environmental challenges can be viewed as buffering populations from selection if the plasticity is adaptive, and if it is sufficient to allow different genotypes to produce an appropriate phenotype in the new environment. Such plasticity can shield the genetic architecture underlying the behavioral trait from selection, and can also shield other traits from selection (e.g., Plotkin 1988; Huey et al. 2003; Badyaev 2005) . Alternatively, as anticipated by Baldwin and his contemporaries, it is possible that learning and other forms of plasticity can alter evolutionary trajectories by revealing novel ranges of phenotypes to selection, potentially altering the course of evolution, causing divergence of populations, and leading to the evolution of novelties (Pfennig et al. 2010; Moczek et al. 2011; Foster [2013a] for recent reviews).
Given the magnitude of environmental change already caused by human activity, and that which is anticipated, there is growing concern that populations will be unable to respond to these challenges evolutionarily with sufficient speed to avoid extinction (e.g., Parmesan 2006; Schwartz et al. 2006) . Thus, research is increasingly focused upon the extent to which plastic responses can mitigate the detrimental effects of rapid environmental change sufficiently to ensure persistence of populations long enough for adaptation to rescue them from extinction (evolutionary rescue sensu Gonzalez et al. 2012) . In organisms that have the capacity to learn, or at least to shift behavioral phenotypes in response to environmental cues, such efforts must include an understanding of the influences of behavioral plasticity, and as appropriate, cognitive capacity.
Here we offer insights into these processes that we have gathered over the course of long-term research on the adaptive radiation of the threespine stickleback fish, Gasterosteus aculeatus, in the Pacific northwest of North America. The radiation is unusual in several ways; (1) some kinds of populations may be predictably vulnerable to certain aspects of anthropogenic modification of the environment, (2) rapid plastic and evolutionary responses to environmental change have already been detected, and (3) longerterm (post-glacial) evolutionary diversification can be evaluated with reference to ancestral, oceanic populations that are unlikely to have diverged significantly since giving rise to freshwater derivatives. Here we explore the ways these attributes of the radiation can help us to understand how behavior interacts with the environment and other aspects of the phenotype in responses to environmental transitions.
Plasticity and evolution: background
Phenotypic plasticity is the ability of a single genotype to produce different phenotypes when exposed to differing, relevant environments. Norms of reaction ( Fig. 1 ) are used to portray differences in expression across environments. These can represent the responses of single genotypes or individuals, or they can be extended to represent population-level or species-level responses to alternative environments (Schlichting and Pigliucci 1998) . For studies evaluating population-level or species-level responses to environmental change that involve plastic developmental modifications, matched sets of individuals reared in alternative environments are used to assess reaction norms, and mean population phenotypes of individuals reared in each environment would be plotted with error metrics. In the case of activational behavioral plasticity (sensu Snell-Rood 2013), existing neural circuits respond to immediate environmental stimuli with short-term behavioral responses appropriate to alternative stimuli. When behavioral expression is activational, the same individuals can be tested in multiple contexts, providing multiple, individual norms of reaction (Foster 2013a) .
The linear-reaction norms in Fig. 1 are a consequence of the measurement of phenotype in only two environments. They can be non-linear if measured at multiple points along an environmental gradient (Carroll and Corneli 1999; Sultan and Sterns 2005) , but these simplified forms illustrate the primary conceptual issues necessary here. Panel A in Fig. 1 depicts plasticity of the phenotypes in an ancestral population reared in both the ancestral environment and in a novel environment as the slope of the line (assuming low variances) differs significantly from zero. Now imagine that ancestral colonists have had 12,000 years to evolve in a novel freshwater environment. This derived freshwater population is then reared in both environments and its responses compared with the ancestral type (Fig. 1B, C) . The derived population could have retained the pattern of plasticity as its ancestor (no evolution), it could have evolved differences in the magnitude of the response to the divergent environments ( Fig. 1B ; a shift in the mean phenotype but not in the pattern of plasticity), or the pattern of plasticity could have evolved ( Fig. 1C ; a shift in the slope of the response). These are examples of genetic accommodation (sensu West-Eberhard 2003). Finally, the derived population could have lost plasticity (slope not different from zero), an outcome termed genetic assimilation (Waddington 1953; Crispo 2007) .
The idea that phenotypic accommodation can rescue populations from extinction is illustrated in Fig. 2C . In this case, environmental change results in elimination of the adaptive peak originally occupied by both plastic and non-plastic populations (Fig. 2B) . The plastic population responds with adaptive phenotypic accommodation, moving it into the phenotypic space of the remaining adaptive peak, facilitating persistence, while the non-plastic population is vulnerable to extinction (Fig. 2C) . This is the Baldwin Effect. The second component of Baldwin's idea is illustrated in Fig. 2D . In this case, the environmental shift alters expression of the phenotype in the plastic population, but both peaks of fitness remain. Thus, the two populations will have different evolutionary trajectories, as the plastic population evolves to match the phenotypic optimum favored by the second adaptive peak (i.e., genetic accommodation will occur assuming requisite underlying genetic variation).
The stickleback radiation
The threespine stickleback is a small teleost fish (58 cm standard length) with a Holarctic distribution found in oceanic environments where it exhibits both anadromous (breeding in freshwater with the young migrating to the ocean where they remain until maturity) and fully marine life histories. Oceanic fish (whether fully marine or anadromous, central image, Fig. 3 ) are characterized by the three dorsal spines, paired pelvic spines, and lateral plates (modified protective scales that span the length of the body). They have repeatedly colonized coastal freshwater habitats giving rise to a diverse freshwater radiation, the most recent wave of which began at the onset of the last glacial recession about 12,000 years ago Foster 2013b; Malhi et al. 2006) . This corresponds to approximately 9000 generations. Individuals typically first breed in their second year but can breed in their first year and continue as long as three seasons . The stability of oceanic environments, in combination with the very large sizes of oceanic populations, makes it unlikely that they have evolved significantly since the onset of post-glacial colonization (e.g., Taylor and McPhail 2000; Hohenlohe et al. 2010) . Thus, contemporary oceanic fish can serve as surrogates for the oceanic ancestor of the post-glacial populations. This likely holds only within regions as and distributions of phenotypes in both populations match one peak (B). In panel C, the environment changes, eliminating that adaptive peak. Only the plastic population persists because it has shifted phenotype to match the second, remaining adaptive peak. In panel D, the change in environment shifts the phenotype of the plastic population to match the second adaptive peak, but leaves both peaks intact. Both populations persist but they diverge evolutionarily as the plastic phenotype subsequently evolves and matches the novel peak. (After Price et al. [2003] ). some geographic complexity exists within the Pacific basin (Ortí et al. 1994; Hohenlohe et al. 2012 ) and the complexity can be even greater in other regions such as the Baltic Sea (DeFaveri and Merilä 2013). However, if appropriate oceanic populations are chosen, it is possible to infer ancestral characterstates, including patterns of plasticity. A second attribute of value for evolutionary study is the high level of parallelism among independently-colonized freshwater populations in similar environments (Fig. 3) , permitting inference of the adaptive value of particular phenotypes, including patterns of plasticity Foster and Wund 2011; Foster 2013b ). These two features of the radiation have allowed us to examine the possibility that ancestral patterns of plasticity have guided subsequent evolution in freshwater populations (Shaw et al. 2007; Wund et al. 2008; Foster and Wund 2011) .
Contrasts between populations with and without predatory fish
Freshwater stickleback are associated with divergent assemblages of predators that can include birds, predatory fish, and insects ).
Predators can be formidable agents of selection, and antipredator responses often reflect the intensity and kind of predation that populations experience (e.g., Endler 1986; Nonacs and Blumstein 2010) . Stickleback are no exception. Early research demonstrated that threespine stickleback from lowpredation environments in Scotland exhibited reduced responses to simulated predatory attacks relative to those in high-predation environments (Huntingford et al. 1994 ), a result confirmed for Welsh populations (Dingemanse et al. 2007) . As these were wild-caught fish, the relative contributions of genetic differences and experience could not be distinguished, although later experiments indicated that interactions of fry with the father during parental care enhanced antipredator behavior of fry from a high-predation, but not a low-predation environment, suggesting learning can influence antipredator behavior (Huntingford et al. 1994) .
Following this lead, we evaluated antipredator responses of Alaskan threespine stickleback from three replicate populations of four types; (1) oceanic populations (ancestral to the regional post-glacial radiation), (2) freshwater populations historically devoid of fish that prey on stickleback, (3) populations Fig. 3 The adaptive radiation of the threespine stickleback. The central image represents the oceanic type, and peripheral images represent the freshwater derivatives that comprise the radiation. Dark boxes emphasize populations with the full anterior antipredator complex; dashed boxes are those in which it has been lost. From Bell and Foster (1994) , with permission. The full anterior antipredator complex includes a pelvic girdle that supports the paired pelvic spines. The ascending processes of this girdle connect with anterior lateral plates that in turn support the first and second dorsal spines.
historically devoid of predatory fish, but that have been stocked with predatory rainbow trout (Oncorhynchus mykiss) for 14-20 years, and (4) freshwater populations with native rainbow trout. Responses of laboratory-reared and wild-caught stickleback to simulated attack by trout demonstrated that wild-caught fish consistently exhibited greater freeze-times (periods without discernible movement post-attack) and greater latencies to recover normal behavior than did laboratory-reared fish ( Fig. 1 ; Messler et al. 2007; Wund et al. 2015) . This result suggests that learning, even in populations having no recent experience with piscine predators, leads to elevated sensitivity to stimuli that could signal risk of attack by several kinds of predators.
There were however, differences between types of populations ( Fig. 1, legend) . As expected, both laboratory-reared and wild-caught fish from populations without piscine predators exhibited lesser responses than did those from lakes where trout are native. Surprisingly, the responses of oceanic fish were also less pronounced, suggesting that this is the ancestral state for the post-glacial radiation in Alaska. It is likely that the low responsiveness of the oceanic fish reflects the metric we used rather than the intensity of predation. Freezing is likely an appropriate behavior in complex lacustrine environments, but less so in schools in the open ocean. Finally, laboratory-reared populations with native and introduced predators exhibited similar, elevated responses to simulated attack, demonstrating that antipredator responsiveness can evolve, and can do so in 20 or fewer years. Wild-caught fish from most populations exposed to predation by trout exhibited a further elevated response relative to laboratoryreared fish (see, e.g., Fig. 4B ), suggesting that learning also occurs in these populations. Taken together, our results suggest that low freeze-times and low latencies to recover normal behavior are the ancestral state in this region, and that freshwater populations devoid of predatory fish retain that condition, whereas exposure to trout can lead to very rapid evolution of increased responsiveness . Experience in the natural environment further elevates this responsiveness in all types of populations.
Olfactory learning by stickleback embryos of small size (Golub 2013) can also contribute to antipredator defenses. When laboratory-reared embryos, still in the egg, are exposed to olfactory cues from sculpin (native predators on nests, juveniles, and adults) that have been fed stickleback eggs, fry that hatch from those eggs respond much more strongly (freeze-time) to cues from sculpin alone, than they do to control cues or to cues from other predators. Remarkably, if embryos are provided cues from adult (cannibalistic) stickleback that have been fed stickleback embryos, resultant fry respond far more strongly to cues from stickleback that have not been fed embryos than to any other cue. In both instances, the elevated responses of the fry to predator/cannibal cues occur only if, as embryos, they were conditioned with olfactory cues from the appropriate predator/cannibal that previously had been fed embryos.
This mechanism enhances avoidance of predators primarily early in life as control individuals gradually developed enhanced generalized responses even to the control cue (presumably a response to the currents delivering cues) causing larger individuals to respond similarly whether they had experienced conditioning or not. The really intriguing aspect of this work is that the response to cues from conspecifics decayed earlier than did the response to cues from Fig. 4 Responses of wild-caught and laboratory-reared threespine stickleback to a simulated attack by a rainbow trout (Oncorhynchus mykiss). Latency to recovery was measured as the time from the attack to the point at which stickleback resumed feeding or exploratory behavior. Three replicate populations were nested within each of the four predation environments, and approximately 30 fish from each population, in each rearing condition (laboratory versus wild) were tested. Mixed model ANOVA on log-transformed data indicated significant differences due to rearing experience (laboratory versus wild: F 1,8 ¼ 5.61, P ¼ 0.045), predation environment (F 3,8 ¼ 7.93, P ¼ 0.009), and due to a population (within predation environment) Â rearing interaction (F 8,650 ¼ 6.40, P50.001). The significant overall effect of rearing indicates that learning is generally important in the development of antipredator behavior, and the significant population (within predation environment) Â rearing interaction indicates possible inter-population variation in the degree to which learning is important. The significant predation environment effect indicates evolutionary (genetic) divergence in behavior. Bars are means AE SE. Figure adapted from Wund et al. (2015) .
heterospecifics. Thus, by the time they reached the size at which they are no longer vulnerable to cannibalism, they no longer responded to conspecific cues as a threat (Golub 2013) . As juvenile stickleback often school (Sillett and Foster 2000) , this earlier loss of sensitivity presumably facilitates social behavior.
These results held across 12 populations, including four that were oceanic (ancestral, temporally-variable cannibalism), five benthic (cannibalistic), and three limnetic (no cannibalism). Two populations were historically without predatory fish, and another had only sculpin. All populations showed similar competencies to learn the two cues from predators (described above), as well as a cue from a novel stickleback ''predator'' (goldfish) . This then appears to be an ancient behavioral competency that has persisted even when unused (no predators) over the past 12,000 years.
Contrasts between cannibalistic and non-cannibalistic populations
The benthic-limnetic continuum is a major axis of variation in the post-glacial freshwater radiation of the threespine stickleback. Benthic and limnetic ecotypes represent extremes of this continuum, and have been best studied in the benthic-limnetic speciespairs (McPhail 1994; Schluter 2000; McKinnon and Rundle 2002) . Here we focus instead on populations in lakes where only one ecotype is found. Stickleback in these populations forage as adults nearly exclusively on large benthic invertebrates in the littoral zone (benthic ecotype) or on plankton in open water (limnetic ecotype). They are characterized by morphological specializations for foraging and swimming in these habitats (Lavin and McPhail 1985; Walker 1997) .
The ecotypes are also characterized by differences in behavior (Fig. 5) . Benthic fish forage on bottomdwelling invertebrates on the breeding grounds as adults, and have retained the ancestral tendency of group foraging and associated cannibalism of embryos and fry in nests guarded by males, whereas plankton-feeding limnetics have lost this tendency (Foster 1995; Foster et al. 1998 ). These differences in cannibalism are associated with differences in reproductive behavior and parental care (Fig. 5) . Most courtships in extreme limnetic populations are initiated by males at the approach of a female and incorporate the conspicuous zig-zag dance (Fig. 6) . In contrast, in benthic populations, females typically initiate courtship by positioning themselves above a male and pressing their abdomen against his dorsum. If the male is receptive he raises his dorsal spines and pushes back against the female as they meander forward (dorsal pricking; an inconspicuous form of courtship).
Behavioral plasticity in stickleback with respect to cannibalism was first documented in a population survey of courtship behavior in southern British Columbia, Canada, and the Cook Inlet Region of Alaska, USA (Fig. 6) (Foster 1995; Foster et al. 1998) . In marsh pools at Anchor River Alaska that are periodically connected to the ocean, very low densities of stickleback were present in 1992 ( Fig. 6 ; A/N) and no foraging groups were observed. Males exhibited an elevated tendency to perform the zig-zag dance relative to the more typical situation we documented in 1994, when foraging groups were abundant and the zig-zag component of courtship was rare ( Fig. 6 ; A/G). Stickleback apparently detects nests by activity at the nest (nest fanning, building, and courtship) rather than by structure of the nest, likely accounting for inhibition of the dance when groups are present (Foster 1994 (Foster , 1995 . Dorsal pricking was a nearly constant component of courtship in both contexts (Fig. 6) .
Although both types of courtship can be performed by males of the two ecotypes, there are differences in the tendency to do so that are genetically based (Fig. 7) (Shaw et al. 2007 ). Males from two Alaskan benthic populations retain the ancestral pattern of plasticity but are less likely overall to incorporate the zig-zag dance than are fish from the oceanic population (Fig. 7) . When our initial field data were collected in Lynne Lake in 1992 and 1994, the population was clearly of the behavioral limnetic type in which fish fed only on plankton in large schools high in the water column, and the zig-zag was a prominent component of courtship (Foster 1995; Foster et al. 1998) . In 2005, benthic foraging groups were first reported in this population, and by 2007 benthic foraging groups and cannibalism were common. This shift appears to have been caused by increases in productivity (development of septic fields) causing the stickleback to grow faster, reach larger sizes, and live longer, thereby causing a plastic shift to ancestral benthic foraging (Chock 2008) . Observations in 2007 demonstrated however, that despite the elevated threat of cannibalism, males incorporated the zig-zag in courtship with a frequency indistinguishable from that in the earlier years, suggesting genetic assimilation of the behavior. Ancestral inhibition of the zig-zag dance had been lost, likely because ancestral females prefer the dance, or because males that perform the dance are more readily detected by courting females (Chock 2008) .
In concert with the re-emergence of cannibalism, the diversionary display, a complex ancestral paternal defense mechanism, reappeared. At the approach of benthic foraging groups, males, unable to defend the nest directly against large numbers of conspecifics, instead swim rapidly from the nest and root vigorously in the substratum as if feeding. If successful, the approaching group joins him, attempting to feed, and then he swims away. Like avian diversionary displays (Armstrong 1949) , the stickleback version appears to incorporate behaviors associated with courtship and nest building (Foster 1988 (Foster , 1994 .
Subsequent laboratory research demonstrated that, contrary to our earlier interpretation, the capacity to perform the display had not been lost in any of the Foster et al. [1998] ). Fig. 7 The proportion of courtships by males from four Alaskan threespine stickleback populations that incorporated or failed to incorporate the zig-zag dance under field and laboratory environments. Only one courtship bout per male is included. Cannibalistic groups are present in the field in benthic and oceanic populations. Although historically absent from the limnetic population at Lynne Lake, cannibalistic groups, and male diversionary responses, are now common, but the incidence of courtships incorporating the zig-zag dance in the field is unchanged (Chock 2008) . Figure adapted from Shaw et al. (2007) .
three extreme limnetics we had identified. We reared three pure limnetic populations, two oceanic populations, and four benthic populations in the laboratory and tested the frequency with which diversionary displays were elicited from nested males when groups attacked their nests. Males from the three limnetic populations were consistently less likely to respond with diversionary displays than were oceanic or benthic males (O'Neil 2012), suggesting that selection had favored inhibition of the display in populations where it was disadvantageous-likely due to increased visibility/vulnerability to predators, and missed mating opportunities as males in limnetic populations court females in plankton-feeding groups. Thus, despite 12,000 years of disuse, this complex display can still be elicited by benthically foraging groups. A fascinating question is whether learning can compensate for the greater difficulty with which the display is elicited from males in populations undergoing a transformation back to the more ancestral-like benthic ecotype, or if instead, selection will increase the ease with which it can be elicited.
What have we learned?
As we move forward in our efforts to understand how animals will respond to a world increasingly influenced by rapid, anthropogenic environmental change, there can be little question that we must account for behavioral responses to these changes. Baldwin's arguments are as germane today as ever, and certainly have more urgency. We have ample evidence that the behavior of animals alters as environments change, particularly when that change is rapid, but we are only beginning to assess the cognitive mechanisms involved or the influence of behavior on the persistence of populations or on subsequent evolution (Sol et al. 2005; Kotrschal and Taborsky 2010; Roth et al. 2010; Sih et al. 2011; Tuomainen and Candolin 2011; Foster 2013a Foster , 2013b Snell-Rood 2013; Snell-Rood and Wick 2013) .
Our results offer both insights and cautions for those attempting to understand the role of behavior in mediating the interface between rapid environmental change and the responses by populations. Although it is undeniably correct that behavior is often overlooked in this effort (e.g., Sih et al. 2011; Tuomainen and Candolin 2011; Sih 2013) , and that this will give us an incomplete understanding of how animals will respond to environmental change, we should not make the same error and ignore the contributions of other, interacting, aspects of the phenotype. We offer an illustration of this point in which plastic shifts in body size led to plastic changes in behavior, causing a reversion to ancestral foraging mode which in turn elicited the plastic reappearance of ancestral cannibalism and diversionary displays. In contrast, courtship has apparently experienced genetic assimilation in the past 12,000 years, and has not responded to this transition adaptively (Shaw et al. 2007; Chock 2008) . Thus, to understand how these populations are responding to environmental change, multiple aspects of the phenotype must be evaluated simultaneously.
Baldwin's Rule clearly did not hold in this case. Although modern environmental change may be very rapid relative to the recent history of Earth, it is difficult to know at what point the change will be perceptible to animals, or will begin to exert selection on existing phenotypic variation, making field studies of initial responses very difficult. Laboratory studies can be effective for a subset of organisms that exhibit behavior (Kawecki and Ebert 2004; Kawecki et al. 2012 ) although artificial environments might provide quite different outcomes than would research in natural environments (Winkler and Van Buskirk 2012) , thereby limiting utility for prediction of responses to changing natural environments. Thus, the problem of knowing when to monitor wild populations to capture the period during which relevant initial plastic or evolutionary transitions in behavior and other aspects of phenotype are occurring is truly a major challenge. What is clear from our research on the evolution of antipredator behavior is that behavioral responses to predators over just a 20-year time-frame can match those that have evolved over a 12,000 year timespan-a rather remarkable insight.
An additional critical issue highlighted by our research is that there exists extensive (geographic) variation in behavior in stickleback populations, and in other aspects of phenotype likely to influence responses by the population to environmental change as well (Foster 2013b ). This is not surprising, as freshwater populations are typically genetically isolated from one another and exhibit sufficient diversity to have been termed an adaptive radiation Schluter 2000) . However, geographic variation in phenotypes, including behavior, has been extensively documented in species with large, continuous ranges, suggesting that geographic variation within species is a common phenomenon (Endler 1977; Foster and Endler 1999; Foster [1999 Foster [ , 2013b for reviews). As many of these differences in phenotype are likely to reflect underlying genetic differentiation, generalization from one population to another may often carry the risk of incorrect predictions of the responses of populations to environmental change.
As a corollary of this observation, it is worth noting that different ecotypes may be differentially vulnerable to particular kinds of environmental change. Our work has demonstrated that limnetics may be particularly vulnerable to increased productivity (Chock 2008) , as may populations with very large eggs (Baker et al. 2011) , and that populations without predators can be particularly vulnerable to introduced predators (Baker et al. 2010 ). Thus, exploration of geographic variation in the responses of different types of populations to environmental change can yield insights important for conservation (Foster 2013b) .
In addition to being time consuming to evaluate, learning mechanisms can be unexpected and complex, as shown by the ability of embryonic stickleback to learn predators, but then to have that learning decay relatively rapidly in the case of cannibalistic conspecifics. This makes the effort to understand the role of learning particularly interesting, and also particularly difficult. In addition, our work demonstrates that whereas expressed phenotypes such as the zig-zag dance in Lynne Lake or learned responses to predators, can evolve rapidly, unexpressed traits can persist unchanged for long periods (diversionary display; learning of piscivorous fish as predators in populations without piscine predators). This phenomenon may be more common than previously thought (c.f. Rajakumar et al. 2012 ) and may enable populations to adapt to conditions like those in past environments more rapidly than anticipated. A challenge in this situation is to distinguish re-emergent behaviors from novelties in efforts to understand the causes and patterns of the evolution of learning and of behavioral evolution. There can be little question that understanding the role of behavior in responses to rapid environmental change is an important and exciting area of research, nor is there question that it will be challenging!
